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Abstract 

Aim: The study aims to evaluate and compare balance and proprioception in dyslexic and typically developing children. 

Material and Methods: The study was carried out with 24 children diagnosed with dyslexia and 24 children with typical development between the ages of 
8-16. Pediatric Berg Balance Scale (PBBS) and Tandem Walking Test (TWT) were used to evaluate balance ability. Proprioception assessment was evaluated 
by looking at the joint position sense with a goniometer at the specified angles for the knee and ankle. 

Results: There was a significant difference between children with typical development and dyslexia in terms of PBBS scores (p<0.05). In the TWT, there was a 
significant difference in all arm positions with eyes closed in terms of the number of steps, while a significant difference was found in all arm positions with 
eyes open and closed in terms of the time spent for each step (p<0.05). In terms of proprioception, a significant difference was found compared to individuals 
with typical development in only 10° dorsiflexion of the foot (p<0.05). 

Discussion: It was observed that balance skills of children with dyslexia were negatively affected compared to children with typical development, no clear 
inference could be made in terms of proprioception and further studies were needed. 
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Introduction 

Dyslexia is a subtype of specific learning disorders and is a 
learning disability that affects reading comprehension, correct 
and fluent reading, spelling and writing skills and leads to 
low academic achievement (1). Functions such as decoding, 
naming letters, and dividing words into syllables are important 
for reading comprehension. The phoneme, which is the basis 
of reading, develops by learning to translate the letters into 
the sounds they represent (2). It has been reported that the 
prevalence of dyslexia in school-aged children is 10%, and its 
general prevalence is between 7-17% in Turkey. Dyslexia is a 
developmental disorder that significantly affects the education 
and training system (3, 4). The diagnosis of dyslexia is generally 
recognized during the literacy process when the child starts 
school (4). Genetic, neurological and environmental factors 
play a role in the etiology of learning disorders (5). According 
to functional imaging studies, It has been observed that the 
development of left hemisphere connections, which have 
a role in reading and spelling, is affected (2), and they show 
biochemical differentiation, especially in the left frontal and 
temporoparietal areas, but this differs between individuals (6). 
In addition, it has been shown that the size of the cerebellum 
may be different in dyslexic individuals, and this may affect not 
only motor functions but also cognitive functions (7). 

There are many theories about the causes of dyslexia, whose 
symptoms were first described in 1881. Although phonological 
awareness theory is the most emphasized theory, it is seen 
as insufficient to explain its causal relationship with dyslexia. 
According to this theory, in dyslexia, the relationship with sound 
sequences is disrupted and abilities such as sound recognition, 
naming letters, and separating words into syllables are 
affected. Temporal processing deficit theory, which expresses 
temporal processing disorders in both visual and auditory 
areas, is present in most individuals with dyslexia (8). According 
to this theory, the inability to sequence the letters and sounds 
in the word correctly may be the physiological basis underlying 
dyslexia (2). According to the cerebellar deficit theory, which 
mentions poor movement coordination and/or motor control in 
dyslexic children, this affects balance and motor skills (9). 
Frank and Levinson reported for the first time the neurological 
insufficiency of the balance system originating from the 
cerebellum in dyslexic children (10). Although the cerebellum 
is an important center of balance and coordination, it is 
also very important for cognitive functions. It achieves this 
function through extensive neural connections with brain 
regions associated with cognitive functions (7). It has been 
suggested that the important role of the cerebellum on the 
vestibular system is also affected in children with dyslexia, and 
that cognitive functions are affected by learning disabilities. 
Learning requires the coordinated integration of visual, 
auditory, motor and language-related areas, and these areas 
make rich connections with the cerebellum. In addition, the 
cerebellum has very important roles such as reading speed, 
intonation, sequencing during speech (11). 

Postural balance refers to the ability to control the body’s center 
of gravity within the support surface. Visual, vestibular and 
somatosensory inputs are important for postural control quality. 
The proprioceptive system contributes to balance by providing 


information about the position of parts of the body (12). In the 
light of this information, we aimed to evaluate balance control 
and proprioception, which occur with the interaction of many 
inputs such as visual, vestibular, somatosensory and cognitive 
systems, in children with dyslexia and typically developing 
children. 


Material and Methods 

Assuming a=0.05 and 1-B (power)=0.80, the incidence of children 
with developmental dyslexia and dyslexia-plus syndrome in the 
population is 2% in the power analysis performed before the 
start of the study (4), it was calculated that 48 individuals, 
at least 24 individuals in each group, should be included in 
the study. Power analysis was performed using the publicly 
available statistical software OpenEpi, version 3 (http://www. 
openepi.com) to calculate the sample size. 

Participants 

Our study included children aged between 8 and 16 with 
dyslexia who were educated at the special education and 
rehabilitation centers affiliated with the Malatya Provincial 
Directorate of National Education, and students with typical 
development. Inclusion criteria for the study; Individuals who did 
not have vision and hearing problems, did not have a disease 
that would affect their general health status, and did not use 
any pharmacological agents were included. Demographic 
information (name-surname, age, gender, height, weight, BMI) 
of all children participating in the study was obtained. 
Evaluation 

In our study, the Pediatric Berg Balance Scale (PBBS) and 
Tandem Walking Test (TWT) were used to evaluate balance 
ability. Necessary permission has been obtained for PBBS. The 
PBBS consists of 14 sections, each scored between O-4 points, 
and the maximum score that can be obtained from the scale is 
56 (13). In the TWT, which is another balance test we used in our 
study, each one is performed in positions with the eyes open and 
closed, arms at the sides, tied at the back and cross-linked on 
the chest, and the tandem walking time of 10 steps is measured 
for each gait. In cases where the balance is disturbed and 10 
steps cannot be completed, the number of steps he can walk 
and the duration are recorded. In the comparison of the groups, 
the time taken for each step was calculated in terms of time 
when the test was not completed. In our study, proprioception 
assessment was evaluated by measuring joint position sense 
with a goniometer. Joint position sense was measured by looking 
at the ability to actively repeat the previously taught joint angle 
for the knee and ankle. The measured angle was recorded after 
the participant actively repeated it. Care was taken to ensure 
that the measurement environment was quiet and free of 
distractions. The target angles for the knee joint, which were 
determined as 45° and 60°, were taught by repeating 2 times 
before the measurement of each angle value, and then the eyes 
of the participants were covered with an eye patch. Participants 
repeated their target angles three times and averaged. For the 
ankle, the target angles were determined as 10° plantar flexion 
and 10° dorsiflexion (14-16). 

Analysis 

Descriptive statistics were presented as mean+standard 
deviation and frequency. The conformity of the variables to 


235 | Annals of Clinical and Analytical Medicine 


Balance and proprioception in dyslexia 


the normal distribution was examined using visual (histogram 
and probability graphs) and analytical methods (Kolmogorov 
Smirnow Test). In the statistical significance between two 
independent groups, independent groups T test was used for 
the variables that were found to be in normal distribution, and 
the Mann-Whitney U test was used as the statistical method for 
the variables that did not fit the normal distribution. Statistical 
significance level was accepted as p<0.05. 

Ethical Approval 

This study was approved by the Ethics Committee of Inonu 
University Health Sciences Non-Interventional Clinical Research 
(Date: 2021-06-15, No: 2021/2077). Before the study, the 
families were informed about the study and an informed 
consent form was signed that they agreed to participate in the 
study. 


Table 1. Demographic characteristics 


Children with 
dyslexia (n:24) 


Children with typical 
development (n:24) 


Mean+SD Mean+SD 
Age (years) 12.58+0.97 11.714#2.19 0.08 
Length (cm) 150.62+6.39 148.87411.21 0.51 
Body Weight (kg) 47.29+10.17 44.63+10.25 0:37. 
Body Mass Index (kg/cm2) 20.74+3.72 20.03+3.52 0.50 


p<0.05; Mean+SD: Mean+Standard Deviation 


Table 3. Proprioception Evaluation Results of Individuals 


Children with 
typical development 


Children with 
(n:24) dyslexia (n:24) 


MeanzSD MeanzSD 


60° Knee Flexion 58,604.04 55.71411.01 1.209% 0.233 
45 ° Knee Flexion 44.1141.42 43.9347.36 0.117 0.907 
Loe rani 10.14#1.01 10.5224.62 -0.397° 0.693 
Flexion 

UO? ales she 9.64+1.10 8.7424.18 -2.028° 0.043" 
Flexion 

*p<0.05 2 Mann-Whitney U Test > Independent Sample T Test 


Table 2. Balance Evaluation Results of Individuals 


Children with typical development 


Results 

A total of 48 children, 24 of whom had typical development (13 
boys, 11 girls), and 24 with dyslexia (10 boys, 14 girls) were 
evaluated within the scope of the study. While 20 of the children 
with typical development were right dominant and 4 were left 
dominant; 21 of the children with dyslexia were right dominant 
and 3 were left dominant. Demographic characteristics of 
individuals such as age, height, body weight and body mass index 
(BMI) are shown in the table (Table 1). When individuals were 
compared in terms of balance scores, a significant difference 
was found between children with typical development and 
children with dyslexia in terms of PBBS scores (p<0.05). While 
there was a significant difference in the number of steps in 
the TWT in all arm positions with eyes closed, a significant 
difference was found in the time taken per step in all arm 
positions with eyes open and closed (p<0.05) (Table 2). When 
individuals were evaluated in terms of proprioception, although 
proprioceptive deviation was higher in individuals with dyslexia, 
a significant difference was found only in 10° dorsiflexion of 
the foot compared to healthy individuals (p<0.05) (Table 3). 


Discussion 

As a result of our study, which we aimed to evaluate and 
compare children with dyslexia and typical development in 
terms of balance and proprioception; It was found that balance 
was negatively affected in children with dyslexia, and the 
number of steps with eyes closed in walking differed compared 
to children with typical development. In addition, in terms of 
time, the time spent for each step was higher in children with 
dyslexia in both eyes open and closed conditions. In terms of 
proprioception, there was only a difference in the evaluation of 
10° ankle dorsi flexion. 

When we look at the literature, it is seen that the results of the 
study vary according to the use of parameters such as age, 
balance position, eyes open/closed condition, surface type, dual/ 
single task condition, measurement methods and scale (17-19). 
There is a prevalence of balance impairment in children and 
adults with dyslexia. When dyslexic children and adults are 


Children with dyslexia 


Pediatric Berg Balance Scale 
Arms at side 
Eyes open Arms on the back 
Arms forward 
Arms at side 


Eyes closed Arms on the back 


Number of steps 


Arms forward 


Arms at side 


Eyes open Arms on the back 


Arms forward 


Arms at side 


Eyes closed Arms on the back 


Arms forward 


Duration (sec/number of steps) 


Tandem Walking Test 


*p<0.05. a Mann-Whitney U Test(Z). b Independent Sample T Test (t) 


(n:2.4) (n:2.4) 

Mean:SD Mean:SD 

56.00+0.00 4.5442.18 3.6998 0.000* 
10.00+0.00 9.79+1.02 1.000? 0.317 
10.00+0.00 9.67+1.63 1.000? 0.317 
10.00+0.00 9.71+1.42 1.000? 0.317 

9.75+0.67 5.58+3.32 4.4947 0.000* 

9.63+0.92 5.2143.34 4.401? 0.000* 

9.58+1.24 5.08+3.45 4.5487 0.000* 
0.772+0.160 1.36+0302 -8.422° 0.000" 
0.743+0.142 1.36+0.358 -7.904° 0.000" 
0.757+0.151 1.26+0.300 -7.374° — 0.000* 
0.858+0.231 1.737+0.787 -5.245" —-0.000* 
0.893+0.263 1.826+0.585 -7.119 — 0.000* 
0.859+0.264 1.902+0.882 -4.763" 0.000" 
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compared in terms of balance, it has been stated that balance 
problems can be detected in approximately 50% of children 
with dyslexia and in approximately 20% of adults with dyslexia 
(4). In a study investigating the relationship of balance with 
age, seven years old dyslexic children and dyslexic adults were 
compared, and it was seen that the achilles tendon vibration 
ratio with cognitive task was higher in children with dyslexia 
(17). 

The cerebellum is important in the development of automated 
skills. Children with dyslexia have difficulties with balance 
while performing dual tasks or more complex tasks (18). In the 
study of Bucci et al. on individuals with dyslexia and typical 
development, the modified Stroop test was applied and the 
presence of postural instability was determined when the 
changes in the center of gravity of the individuals with dyslexia 
on the platform were examined during the test. In a study in 
which children with dyslexia were able to balance on their right 
or left feet for 10 seconds, balance losses were examined with 
the motion tracking system; it has been observed that children 
with dyslexia are less stable in both positions with eyes open 
and closed (19). It has been reported that the reason for 
this is that children with dyslexia due to delayed neuromotor 
maturation cannot use visual and vestibular inputs appropriately 
to maintain their balance (20). 

Reducing stride length during walking may be a compensatory 
strategy to maintain balance control. In the study where 
dyslexic children were compared with the control group in 
terms of normalized walking speed and stride length; It has 
been reported that children with dyslexia walk at a faster pace 
and with shorter steps than the control group. The reason for 
emphasizing the importance of tests performed by controlling 
walking speed in this study is that there is no difference between 
the groups if walking is done at the preferred speed. Because; 
when dyslexic individuals were instructed to walk very fast, they 
showed similar cadence compared to the control group, which 
may explain that they walked at maximum speed with a shorter 
stride length (21). 

According to our evaluation findings, in the tandem walking 
test; dyslexic children, preferably at walking speed, differed 
significantly in the number of steps with eyes closed in all arm 
positions compared to typically developing children. This result 
shows that the postural oscillations increase and they take 
fewer steps in the eyes closed position. When we compare the 
groups in terms of duration in all arm positions; It was found 
that the time spent for each step was higher in children with 
dyslexia in both eyes open and closed conditions. This shows 
that children with dyslexia have more postural control effort 
than children with typical development. 

The term proprioception, which is important in regulating 
balance and postural control, was first defined as the position 
of body parts in space, the perception of joint and body 
movements. Therefore, proprioceptive awareness is needed to 
maintain body posture and produce smooth and coordinated 
movements (12). 

The joint position is one of the most reliable assessment 
methods for measuring Inclinometer, 
goniometer and isokinetic devices can be used as evaluation 
methods. The joint is actively or passively brought to a certain 


proprioception. 


position and the person is asked to find the target angle (12). 
In a study by Selfe et al., these two conditions were compared 
and they recommended measurement with active movement 
because of its similarity to functional activities (22). Active joint 
motion measurement was also used in our study. The reason 
why we chose the weightless procedure when measuring was 
that possible involvement of the plantar sense could cause 
variation in the amount of deviation in joint position sense. 

In our study, when children with dyslexia were evaluated in 
terms of proprioception, it was observed that proprioceptive 
deviation was high in knee and ankle joint position sense 
measurements; significant difference was found compared to 
typically developing children in only 10° of dorsiflexion of the 
foot. In a study evaluating proprioception by passive movement 
speed of the limb, children with dyslexia showed similar values 
at higher speeds compared to the control group, but showed 
variable values when the speed slowed down (23). In another 
study; It has been observed that dyslexic children have higher 
trunk sway rates on hard and foamy surfaces with their eyes 
open and closed, and trunk sway is higher in the eyes closed 
position. It has also been found that children with dyslexia have 
similar step widths, significantly lower walking speeds, and 
significantly higher trunk sway speeds compared to healthy 
controls (24). 

It has been suggested that cerebellar activity has an effect 
on reading performance and arithmetic skills (9). In a study 
examining the relationship between balance problems and 
reading speed in children with and without familiare dyslexia 
risk; it has been reported that there is no direct connection 
between them, but that the comparison group outperformed 
the dyslexia group in terms of balance and reading speed (25). 
Limitation 

The number of samples included in the study can be seen as 
a limitation of the study due to the limited number of children 
with dyslexia, but this limitation can be ignored because an 
appropriate number of individuals were included in the power 
analysis performed before the study started. 

Conclusion 

In conclusion, it was found that balance was negatively affected 
in children with dyslexia compared to children with typical 
development; It was found that the number of steps with eyes 
closed in walking differed from those of typically developing 
children. It was observed that the time spent for each step was 
higher in children with dyslexia in both eyes open and closed 
conditions. In terms of proprioception, it was seen that a clear 
inference could not be made and further studies were needed. 
Evaluation of children with dyslexia in terms of balance, 
walking and proprioception compared to children with typical 
development; We think that it is important in terms of applying 
appropriate physiotherapy support programs that support their 
development. 
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